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HES SEZERANFSRIES 2 S BELTENE

B O ATHRTRIMENEF G RRARY RAE, LFRARE 65 F 5 R ABREHH &
9% 2 5 ARIEAMA, ARRMELE. T REGARBAET. G RIME T A KA FIRE AT
TRAMEAERFOMXE T, RFARIEFTAHRE. £RE, Bl s 2440840, &
KRB SAILEF . T A AR, AR 20 AP B RURER, CERRE. SRBE. AR
LRBRE, ¥, BE2FTHALARSERZST AT 65, RARESEHEL 5737 mg/g. =t
KRG BT, AR 2 5 TR mies MAEN, Kbk BRI aHF#%EL. Bk, KRR
22K, EFMNIILT, PR T aftRE b XRT M F. £AWFEEFLTLETH, 2%
B (chlorophyllase, CLH). 9-i K-S A X F | & KA &Bs (9-cis-epoxycarotenoid dioxygenase,
NCED). %% Fi 3B-#1tBs (flavonoid 3p-hydroxylase, F3H) #= % ¥ &7 3',5'-% 1B (flavonoid
3',5"-hydroxylase, F3'5'H) %A%k k4R AR L AR Z T/, 5455 6 5 MK, 8% 25 F4&
Ko 138 S EZF K (significantly changed metabolites, SCMs) #= 658 A~ £ F &k ik &
(differentially expressed genes, DEGs), KEGG g &4 #7 &8, SCMs #= DEGs & % & & 3| 5 A L8R
Ao S HRRIABR ZRBRIAIRFER., BE2 T ENMAATREASMEAZES . T4
FRMARFr R E LS ZNHRZITE. FRAROBRETRE Tt FIRHEHE, ABRETR
a9de 2, B Fe R RAR A LG, AT BIRBR A AR 55 T 6 Kt Bl K R B Ak B,
REBAA Tt T ZERR G ERNEY.

KHEIE: ZA; BE 25, Bk Ritas; HFxRad;, mFHEAK
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Abstract: To explore the mechanism of tea albino variation and high theanine formation, ‘Fuyun 6’ and
a new theanine-rich tea cultivar ‘Fuhuang 2’ were as materials in this study, pigment content,
metabolome and transcriptome of the two cultivars were analyzed by ultramicroelectron microscopy,
widely targeted metabolomics, targeted metabolomics and transcriptomics. The results showed that five
catechins, theobromine, caffeine, and 20 free amino acids, including theanine, glutamine, arginine, etc.,
were identified by targeted metabolomics. The amino acid content of ‘Fuhuang 2’ was significantly
higher than that of ‘Fuyun 6’, and the theanine content was as high as 57.37 mg/g in ‘Fuhuang 2’. The
ultrastructure of leaves showed that the chloroplast cell structure of ‘Fuhuang 2’ was fuzzy, most of the
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grana lamellae were arranged in disorder, with large gaps, and the thylakoids were filiform. The
determination of pigments showed that compared with ‘Fuyun 6°, the contents of chlorophyll A and B,
carotenoids, flavonoids and other pigments of ‘Fuhuang 2’ decreased significantly, some important
pigment-related-genes, such as chlorophyllase (CLH), 9-cis-epoxycarotenoid dioxygenase (NCED),
flavonoid 3B-hydroxylase (F3H) and flavonoid 3',5'-hydroxylase (F3'5'H) were significantly changed.
Compared with ‘Fuyun 6, ‘Fuhuang 2’ identified 138 significantly changed metabolites (SCMs) and
658 differentially expressed genes (DEGs). KEGG enrichment analysis showed that SCMs and DEGs
were significantly enriched in amino acid biosynthesis, glutathione metabolism and TCA cycle. In
general, the albino phenotype of ‘Fuhuang 2’ may be caused by a deficiency in photosynthetic proteins,
chlorophyll metabolism genes and chlorophyll content. The accumulation of high theanine in ‘Fuhuang
2’ may be due to the low nitrogen consumption in yellowed leaves and the lack of carbon skeleton,
amino and nitrogen resources are stored more effectively, resulting in the up regulation of metabolites
and related gene expression in the amino acid synthesis pathway, theanine has become a significant

accumulation of nitrogen-containing compounds in yellowed leaves.

Keywords: Camellia sinensis; Fuhuang 2; albino; metabolomics; transcriptomics; omics technology
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100 : 0 (V/V), 11 min & 100 : 0 (V/V); ik
0.8 mL/min; FEiR 28 °C; #EFEE 2 pL. Fiik4c
HEEARE: RIEAFEE FIE (atmospheric
pressure chemical ionization source, APCI) i /&
350 ‘C, "AA (curtain gas, CUR) 25 psi, 7E
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6 SR MRE 2 SO HATYIIEE , WA AR
itk S RS % Lin SUSIRGE o AR 1
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Yy o 2 oy A 2 £ oc g it b VIP fH
(variable importance in projection, VIP). P {H
(P-value, P)M7255%80, x5 22 5 A o) it
TR E M. 2 A . KEGG (Kyoto
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oo
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Table 1 Primer sequences

Gene ID Gene name Forward primer sequence (5'—3) Reverse primer sequence (5'—3")

HD.13G0020620  HEMA ATCACTGGCTTTGGCAGGAA CAGCAGCAATGTTCGTCTCG

HD.08G0023950  NCED AGCCCAAACCCTCTACTCCA CGGAGACAACGATGACGGAT
HD.07G0015710  LHCBI CTTGGGCAACCCTAGCTTGA GCTAGGCCCAATGGATCGAA
HD.10G0001820 CAR CACGTCTCTCACTACGGCAT AGACGCGTCCATCTGAATCC

HD.06G0022520 CYNT TCCATCTCGTGTCCTCGACT CGACTGTGTCCGATGACCAA
HD.03G0016260  LRR ACTTTGTCGCCTCTCCCATC GGTGAAGCTAGAAGCGTGGA
HD.02G0006170  PBPI TCAATGGTTGAGAGGCTCGG CAGACCCTTTTCCACGTCCA
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Figure 1

The phenotypic characteristics and leaf cell ultrastructure of ‘Fuyun 6’ and ‘Fuhuang 2°. A1-A4:

the phenotype and ultrastructure of ‘Fuyun 6’; B1-B4: the phenotype and ultrastructure of ‘Fuhuang 2°.
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Figure 2 Widely targeted metabolite analysis for ‘Fuyun 6’ and ‘Fuhuang 2’. (A) SCMs volcano map. (B)
SCMs heatmap

Fuyun 6 (GF-6) VS Fuhuang 2 (YF-6)
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Figure 3 KEGG enrichment analysis of SCMs in ‘Fuyun 6’ and ‘Fuhuang 2’.
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Table 2 The transcriptome data of ‘Fuyun 6’ and ‘Fuhuang 2’

Sample Raw reads Clean reads Clean base (G) Error rate (%) Q20 (%) Q30 (%) GC content (%)
GF-6-1 49 101 520 48 091 016 7.21 0.03 96.52 90.16 44.93
GF-6-2 45410 156 44 409 254 6.66 0.03 96.42 89.99 44.77
GF-6-3 48 141 540 47228 224 7.08 0.03 96.45 90.03 44.76
YF-6-1 46 992 978 46 053 770 6.91 0.03 96.26 89.65 44.20
YF-6-2 47 683 114 46 663 040 7.00 0.03 96.49 90.07 44.70
YF-6-3 51 634 474 50 410 604 7.56 0.03 96.09 89.29 44.53
Total 288963 782 282 855908 42.42
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Figure 4 KEGG enrichment analysis of DEGs.
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Figure 5 Verification of expression levels of 6 differentially expressed genes in ‘Fuyun 6’ and ‘Fuhuang 2°.
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Table 3 Biochemical content of ‘Fuyun 6’ and ‘Fuhuang 2’

Content Fuyun 6 Fuhuang 2 Content Fuyun 6 Fuhuang 2
GABA 0.11£0.01° 0.58+0.04° Valine 0.12+0.01° 0.27+0.03°
B-ABA 0.13+0.01° 0.26+0.02° [soleucine 0.15+0.02° 0.40+0.06"
Alanine 0.30+0.03° 0.86+0.12° Histidine 0.07+0.01° 0.27+0.01°
Theanine 27.88+2.30° 57.37+1.95% Glycine 0.05+0.01° 0.12+0.01°
Proline 0.24+0.02° 1.1540.19° Glutamate 2.30+0.20° 4.7540.16
Lysine 0.18+0.03° 0.76+0.10° Glutamine 0.89+0.12° 2.9240.30°
Tyrosine 0.22+0.01° 0.30+0.03° Arginine 0.15+0.02° 3.28+0.41°
Leucine 0.15+0.02° 0.37+0.04° Serine 0.84+0.19° 2.85+0.24°
Tryptophan 0.33+0.01° 0.24+0.02* IAsparagine 0.14+0.01° 0.57+0.04%
Threonine 0.22+0.03° 0.80+0.10° Total 34.77+3.08° 82.07+3.86"
Aspartate 0.30+0.08° 4.01+0.28°

C 2.67£0.21° 2.03+0.49° EGC 13.00+0.97° 27.3243.36
ECG 23.96+0.83° 18.37+0.80° EC 11.78+0.37° 15.59+0.39°
EGCG 36.74+1.44° 36.36+0.67° Total 88.15+3.74° 99.67+4.12°
Theobromine 1.55+0.112 0.2240.01° Total 24.38+4.01° 20.60+0.60"
Caffeine 22.8243.90° 22.62+1.11°

a, b: indicated significant difference at the P<0.05 level.
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Figure 6 Comparison of chlorophyll and carotenoid pigment content between ‘Fuyun 6’ and ‘Fuhuang 2°. *
indicated significant difference at the P<0.05 level.
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Figure 7 Analysis of chlorophyll, carotenoid and flavonoid biosynthesis pathway ‘Fuyun 6’ and ‘Fuhuang 2°.
Red represents up-regulated genes/metabolites, green represents down-regulated genes/metabolites.
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Figure 8 Analysis of photosynthesis pathway of ‘Fuyun 6’ and ‘Fuhuang 2’.
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Figure 9 Analysis of amino acid pathway of ‘Fuyun 6’ and ‘Fuhuang 2’.
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Table 4 DEGs and SCMs involved in other metabolic pathways

Pathway name ko ID Genes (log, fold change) Metabolites (log, fold change)

Glutathione metabolism ko00480 g-glutamylcysteine synthetase (1.50) Dehydroascorbic acid (1.68)

Purine metabolism ko00230 Adenylate cyclase (—4.43) Adenosine (-2.12)
Cyclic 3',5'-adenylic acid (—1.04)
Adenosine 5'-mono phosphate (-2.95)
3'-adenylic Acid (-1.27)
2'-deoxya denosine-5'-monophosphat (—1.61)
Guanosine 5’-mon ophosphate (-2.38)
Inosine 5'-monophosphate (—2.87)

Pyrimidine metabolism k000240 Uridine kinase (1.89) Cytidine 5’-monophosphate (-2.23)

Carbamoyl-phosphate synthase (—1.05)  Uridine 5-monophosphate (—1.54)

Uridine (-1.13)
2-deoxyribose-1-phosphate (—2.37)
Orotic acid (-2.92)

Starch and sucrose ko00500 Sucrose synthase (1.98)

metabolism Trehalose 6-phosphate phosphatase (—1.32)

Glycolysis/ ko00010 Fructose-bisphosphate aldolase (—0.19)  D-fructose-1,6-biphosphate (—1.19)

gluconeogenesis Xylitol (—0.90)
Dulcitol* (-0.69)
Ribitol* (—1.64)
D-mannitol* (-1.39)

Phenylalanine ko00360 Primary-amine oxidase (—1.20) L-tyrosine (—1.38)

metabolism L-phenylalanine (-0.66)

Phenylpropanoid ko00940 Shikimate O-hydroxycinnam L-tyrosine (—1.38)

biosynthesis oyltransferase (—1.43) Sinapinaldehyde (—1.04)

Scopoletin glucosyltransferase (—1.31)
Nitrogen metabolism ko00910 Carbonic anhydrase (CYNT) (—1.10)

Carbonic anhydrase (CAH) (-2.23)

Citrate cycle (TCA cycle)ko00020

Aconitate hydratase (—0.41)
Isocitrate dehydrogenase (0.62)

Oxaloacetic acid (—1.62)
a-ketoglutaric acid (1.16)
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